Roles of neurotransmitter in synapse formation: development of neuromuscular junctions lacking choline acetyltransferase.
Activity-dependent and -independent signals collaborate to regulate synaptogenesis, but their relative contributions are unclear. Here, we describe the formation of neuromuscular synapses at which neurotransmission is completely and specifically blocked by mutation of the neurotransmitter-synthesizing enzyme choline acetyltransferase. Nerve terminals differentiate extensively in the absence of neurotransmitter, but neurotransmission plays multiple roles in synaptic differentiation. These include influences on the numbers of pre- and postsynaptic partners, the distribution of synapses in the target field, the number of synaptic sites per target cell, and the number of axons per synaptic site. Neurotransmission also regulates the formation or stability of transient acetylcholine receptor-rich processes (myopodia) that may initiate nerve-muscle contact. At subsequent stages, neurotransmission delays some steps in synaptic maturation but accelerates others. Thus, neurotransmission affects synaptogenesis from early stages and coordinates rather than drives synaptic maturation.